The Medaka Expression Pattern Database (MEPD) stores and integrates information of gene expression during embryonic development of the small freshwater fish Medaka (Oryzias latipes). Expression patterns of genes identified by ESTs are documented by images and by descriptions through parameters such as staining intensity, category and comments and through a comprehensive, hierarchically organized dictionary of anatomical terms. Sequences of the ESTs are available and searchable through BLAST. ESTs in the database are clustered upon entry and have been blasted against public databases. The BLAST results are updated regularly, stored within the database and searchable.
INTRODUCTION
The knowledge of how a gene is expressed in time and space is the first clue to its function. Expression patterns can be determined in an easy, straightforward approach through in situ hybridization. Large-scale in situ hybridization screens have been carried out for the major model organisms in developmental biology like Caenorhabditis elegans (1), Drosophila (2), Ascidia (3), Zebrafish (4), Xenopus (5) and mouse (6) and expression data is stored in databases and accessible through web interfaces. Medaka has developed into a standard developmental model organism over the past years (7) . In Medaka in situ screens have been carried out (8, 9) , but a public database has not been established yet. Large-scale screens are in process in the Medaka scientific community as well as within the Medaka Genome Initiative (MGI) (http:// www.dsp.jst.go.jp/MGI) increasing the number of known expression patterns tremendously in the near future. Currently the database contains data from Wittbrodt's group, which will continue submitting data. The database is open for submissions from other groups through web interfaces and access is free to the scientific community. Clones can be ordered from J. Wittbrodt. Two other groups of the MGI will submit their data to this database in the near future using different libraries and we encourage any group to submit their data to MEPD.
DATA

General
Expression patterns
Expression patterns are specified at three different embryonic stages (st19: two somite stage, st24: 16 somite stage, st32: somite completion stage) through pictures and a pattern description. Pictures and descriptions complement each other. Stained structures which are not visible in detail in the pictures are further specified in the description. Expression patterns have been described through text comments, signal intensity (weak, medium, strong), category (specific, differential and homogenous) and through a dictionary of anatomical structures developed for this database (Figs 1 and 2 ).
This dictionary has been structured in accordance to the mouse dictionary (10) in a hierarchical tree-like organization. In the database table, it has been realized as rows with an identity, a structure name and a key to its parent structure (Fig. 1) . This hierarchical organization facilitates a fast database search and enables flexible updating and extension of the dictionary. It allows the refinement of a pattern description from crude to detailed when describing an expression pattern during data submission.
Forty-four (10.76%) clones or 13.77% of the genes were categorized as homogenous, 150 (36.67%) clones or 33.6% of the genes as differential and 215 (52.57%) clones or 52.63% of the genes as specific. Whole mount in situ detection has been performed using a robot ('InsituPro' from intavis) with a standard protocol (11) .
Sequences
Clones which were used to transcribe the in situ probes are described by their sequence, the sequencing primer, the vector used and the library they come from (Fig. 2) . All sequences entered so far have been sequenced from the 5 0 end. Sequences have been cleaned from vector contamination, submitted to the EMBL nucleotide database and are linked to it over their accession number. The sequences are blasted against public databases at NCBI using blastn and the 10 closest BLAST results are stored within the database (Fig. 2) . The oldest BLAST results are updated by an automated script on a daily basis. Sequences in the database have been clustered using the blastclust program of the standalone BLAST package (12) and cluster information is stored in a database table (Fig. 2) .
Pictures
Pictures are stored on the file system of the database server in JPEG format (220 kb each, 330 MB in total). Path, filename, view and embryonic stage are stored within the database (Fig. 2) .
Other
User and group information is kept in database tables (Fig. 2) to keep track of data submission or eventual access rights.
A non redundant list of genes is stored in the table gene (Fig. 2) . One representative clone for each cluster has been entered into this table. A gene name has been assigned to genes showing significant homology to known genes.
DATA ACCESS
Implementation of MEPD
Data is stored in a relational database (IBM DB2) on an IBM RS6000 under AIX in Kyoto. Access is enabled through Java Servlets running on a WebSphere administration server. The Java Servlets receive a client request, create and send SQL-commands to the database server, use the result sets to create a HTML response and send it back to the client. The MEPD is accessible on the World Wide Web at http://medaka.dsp.jst.go.jp/MEPD. Java Servlets are fast and flexible as they run within the server and do not need to start child processes like CGI programs. They inherit the strong safety of the Java language. Object oriented programming allows the development of reusable code. Using the standard languages SQL and Java facilitates the portability of the software developed here to other platforms. The structure of the SQL tables of the MEPD is shown in Figure 2 .
Query interfaces
ESTs can be searched by complete or partial clone identity, for example, the cDNA library or plate number. A text string can be searched in the BLAST results definition in order to find homologous genes or certain species. The search can be restricted to significant homologies only, or 'new' genes (with low homology to any known gene) can be selected. A text string can also be searched in the gene annotation.
One can search for the expression pattern by expression intensity, category and anatomical terms of stained structures. The hierarchical implementation of the dictionary allows the inclusion of substructures in the search. By using an alphabetical view of the dictionary one can search for a certain structure without its substructures.
Using a combined search the search parameters described above can be combined.
Finally one can do a sequence homology search by submitting a query sequence (nucleotide or protein) which is blasted against sequences in the database using the blastn, tblastn or tblastx programs of the standalone BLAST package (12) . Cluster information can be accessed here.
The result is displayed as a list of clones with abbreviated information, which can be completed through further links.
Data submission
Web interfaces have been developed which allow the online submission of pictures, sequences and pattern descriptions clone by clone. Sequences and images can also be entered through bunch submissions. For either, please contact the authors.
FUTURE PERSPECTIVE
As not only submission by Wittbrodt's group will continue in the future, but also other groups will join in submitting data, MEPD will grow steadily. To guarantee comparability of data, future submissions will be stored in the same standardized way described here. MEPD, therefore, can serve as a resource of Medaka expression information for the scientific community, for example as a marker collection to analyze Medaka mutants.
Within the MGI, an initiative of Medaka researchers, the ESTs of the MEPD are currently being and will be mapped both physically on a radiation hybrid panel and on a Baccontig map, as well as genetically on a meiotic map. Links to and from these mapping databases will be established. Modules displaying combined data sets of these databases will be developed, which will allow the linkage between expression data and genomic location.
